The aim of the study was to compare partial cystectomy (PC) and radical cystectomy (RC) with respect to 90-day mortality as well as long-term, all cause (ACM) and cancer specific mortality (CSM).
INTRODUCTION
Radical cystectomy (RC) and partial cystectomy (PC) represent treatment alternatives for muscle invasive urothelial carcinoma of the urinary bladder (UCUB) when cancer is localized to the bladder wall [1] [2] [3] [4] [5] [6] . Radical cystectomy represents the standard of care and offers the most complete cancer control for such patients [1] .
However, the potential disadvantage of RC consists of its non-negligible perioperative mortality, which may range from 2.4 to 7.9% at centers [7, 8] of excellence and from 5.4 to 8.4% in the community [9] [10] [11] . Perioperative mortality appears lower for PC, evidenced by 1.8% in-hospital mortality after this procedure [12] . Despite the apparent short-term mortality advantage of PC, the reported 5 years of cancer specific mortality of 70% after PC and 69% after RC [3] suggest that
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long-term cancer survival rates are virtually the same between the two surgery types. In consequence, the short-term mortality advantage of PC may therefore represents an important consideration when RC might be replaced with PC based on anatomical and UCUB considerations.
To date, no study directly compared PC and RC with respect to short and long term mortality. To address this void, we examined the most contemporary version of the SEER-Medicare database with the intent of quantifying and comparing 90-day mortality, as well long-term cancer control associated with either RC or PC. Our hypothesis stated that 90-day mortality might be lower after PC without compromising long-term cancer control.
PATIENTS AND METHODS

Study source
The current study relied on the 1991-2009 SEER-Medicare linked database with follow-up updated until December 31, 2011. This database is 98% complete for case ascertainment. The SEER registries identify 28% of all incident cancer cases in the United States. Medicare insures approximately 97% of all Americans aged ≥ 65 years. Linkage to the SEER database is complete for approximately 93% of cases [13] . Patients not enrolled in Medicare parts A or B for a minimum of 12 months prior to their first recorded diagnosis and for 6 months after diagnosis were not considered. Patients who had health maintenance organization enrollment in the year prior to diagnosis or for any period following diagnosis were also excluded. To ensure that all subjects had at least 1 year of claims from which comorbidities are derived, only those aged ≥ 66 years old were considered. Additional exclusions comprised of those with unknown race (n = 36), and unknown marital status (n = 432).
Study population
Furthermore, patients treated with surgery ≥ 6 months after diagnosis were not considered in the current study, as a delay in treatment may confound the final results (n = 1185). As current guidelines do not recommend PC in patients with stages T4 [1, 2] , these (n = 1209) were omitted from our analyses. For the purpose of the study we focused on patients who underwent surgical treatment (RC or PC). This resulted in 3913 assessable individuals with T2-T3, N0, N+ and Nx UCUB. Patients treated with PC, defined as surgical removal of part of the urinary bladder, was identified by 57.6 ICD-9 code.
Study design
The study design was a retrospective, matched-cohort study comparing patients treated with PC and patients treated with RC.
Covariates
Demographic covariates were age at diagnosis, comorbidities derived from the Klabundle's Charlson comorbidity index (CCI) modification [14] , gender, race (white, black, other), marital status (married, unmarried), socioeconomic status (SES; composite variable of income, education, and poverty levels [15] ) and population density status (urban, rural).
Cancer-related covariates comprised tumor grade and cancer stage. The latter was coded according to the AJCC staging system as tumor stage (T2, T3) and nodal stage (N0, N+, Nx).
Treatment-related covariates were administration of neo-adjuvant or adjuvant chemotherapy and administration of neo-adjuvant or adjuvant radiotherapy. Specifically patients who had chemotherapy claims ≤ 6 months prior to cystectomy and a claim for RC ≤ 6 months before the first chemotherapy claim were considered to have been treated either with neo-adjuvant chemo-or radiotherapy, while other patients were considered to have been treated with adjuvant chemo-or radiotherapy.
Outcomes
The first endpoint of the study was to compare the 90-day mortality between PC and RC patients.
The second and third endpoints of the study were to compare all cause mortality (ACM) and cancer specific mortality (CSM) between PC and RC patients 5 years after surgery. Cancer specific mortality was defined as death cause by bladder cancer (ICD9 188, ICD 10 C67).
Statistical analyses
Means, medians and ranges were reported for continuous variables. Frequencies and proportions were reported for categorical variables.
Because of inherent differences among patients included in the two treatment groups (PC vs. RC), adjustment was performed using a 1-to-2 nearest neighbour propensity score-matching ratio [16] . Propensity scores were computed by modelling a logistic regression with the dependent variable as the odds of receiving PC and the independent variable as age of diagnosis, CCI, gender, race, marital status, socioeconomic status, population density status, tumor stage, nodal stage, tumor grade, any neo-adjuvant therapy administration and any adjuvant therapy administration. Subsequently, covariate balance between the matched groups was examined [17] .
We compared the 90-day mortality, ACM and CSM rates between patients treated with PC and those treated with RC. Univariable (UVA) and multivariable regression models (MVA) were fitted to predict 90-day mortality (logistic) as well as ACM and CSM (Cox). Kaplan-Meier plots were used to depict graphically the ACM-free survival and the CSM-free survival rates after stratification according to the type of intervention received (PC vs. RC). For purpose of sensitivity analysis, all endpoints were re-addressed in patients with stage pT2N0 UCUB, which may represent the ideal candidate for PC.
All statistical tests were performed using R software environment for statistical computing and graphics (Vienna, Austria, version 3.0.1). All tests were 2-sided with a significance level set at P < 0.05.
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RESULTS
Baseline characteristics
Overall, 3913 patients were included in the study ( Table 1) . Median (range) age at diagnosis was 75 (66-95). Mean and median follow-up times were 44 and 26 months. Fewer patients (494; 12.7%) were treated with PC while most (3419; 87.4%) were treated with RC. Statistically significant differences between patients treated with PC and RC were recorded according to age, CCI, marital status, socioeconomic status and nodal stage (all P < 0.05).
Following propensity score matching for all the covariates, 494 (33.3%) and 988 (66.7%) patients treated with PC or RC remained. The mean standardized differences of patient characteristics between the two groups were < 10%, indicating a high degree of similarity in the distribution of all the covariates in both populations. All subsequent analyses were based on the post-propensity matched cohort.
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Perioperative mortality
The 90-day mortality rate (Table 2) was 3.2% (n = 16) after PC and 8.1% (n = 80) after RC (OR 0.4, P = 0.001). In MVA, PC was associated with lower 90-day mortality than RC (OR 0.4, P < 0.001).
All cause mortality
At 5 years the ACM-free survival rate (Table 3, Fig. 1A ) was 38% after PC and 40% after RC (HR 1.1, P = 0.3). In MVA, no significant difference was recorded between PC and RC (HR 1.01, P = 0.9).
Cancer specific mortality
At 5 years the CSM-free survival rate (Table 3, Fig. 1B ) was 62% after PC and 59% after RC (HR 0.9, P = 0.2). In MVA, no significant difference was recorded between PC and RC (HR 0.8, P = 0.06).
Sensitivity analysis
In patients with pT2N0 UCUB (n = 428), 90-day mortality rate was 2.1% (n = 3) after PC and 8.2% (n = 23) after RC (OR 0.2, P = 0.02). At 5 years the ACM-free survival rate was 48% after PC and 51% after RC (HR 0.9, P = 0.9; Fig. 1C) . At 5 years, the CSM free survival rate was 72% after PC and 74% after RC (HR 0.9, P = 0.9, Fig. 1D ). These findings were confirmed in MVA. Larcher et al. Partial vs. radical cystectomy 
DISCUSSION
Our hypothesis stated that short-term mortality, such as 90-day mortality, might be lower after PC than after RC. Moreover, we postulated that PC does not compromise long-term oncological control, relative to RC. To test this hypothesis, we relied on the most contemporary version of the SEER-Medicare database (19912009), which represents the largest North American repository of oncological data. Our results confirmed our hypothesis and showed several important findings.
First, the 3.2% 90-day mortality rate recorded after PC was significantly lower than the 8.1% mortality rate recorded after RC (OR 0.4, P = 0.001). This finding was confirmed in MVA, where PC exerted a protective effect on 90-day mortality (OR 0.4, P < 0.001) and represented the most significant predictor of 90-day mortality, among fifteen tested variables.
Second, ACM analyses showed a 38% and 40% ACM-free survival rates at 5-years, respectively after PC and RC (HR 1.1, P = 0.3). Lack of statistically significant difference was confirmed in MVA (HR 1.01; P = 0.9).
Third, CSM analyses showed a 62% and 59% CSM-free survival rates at 5-years respectively after PC and RC (HR 0.9, P = 0.2). Lack of statistically significant difference was confirmed in MVA (HR 0.8,P = 0.6).
Finally, lower 90-day mortality after PC vs. RC (OR 0.2, P = 0.02), as well as virtually the same ACM-free and CSM-free survival rates were recorded when all analyses were repeated within patients with pT2N0 UCUB.
Taken together, these three key results of our study may be summarized as 1) lower 90-day mortality after PC, 2) same ACM-free survival and 3) same CSM-free survival after either PC or RC. These points suggest that from a short-term perspective PC represents a less morbid procedure that results in fewer perioperative deaths. However, from a long-term perspective, PC does not undermine either ACM-free or CSM-free survival in our population. In consequence, PC should be given very strong consideration, when this type of surgery can be performed according anatomical and UCUB characteristics.
To the best of our knowledge the current report represents the first assessment of PC and RC short-term as well as long-term outcomes within the exact same population. Previous analyses have examined the same endpoints but in different populations. In consequence, the present study is the only one that allows the most bias free comparisons and conclusions.
Previous short-term mortality studies in RC patients are numerous and identify rates from 2.4 to 8.4% [7] [8] [9] . Unfortunately these rates are oftentimes assessed at different time-points after PC (e.g. 30-day or 90-day mortality) or are limited to hospitalized patients. Additionally, short-term mortality figures after PC are scarce and can only be found in one large population-based analysis that is restricted to in-patient outcomes [12] . In consequence, comparison of short-term mortality rates is virtually impossible.
The availability of ACM-free or CSM-free long-term survival rates after PC and RC, which may be validly compared between the two types of surgery, is also limited. For example, Kassouf et [4] [5] [6] . Finally, Capitanio et al. used a large-scale (n = 7243) population based cohort in non-randomized study design that directly compared PC to RC [3] . Unfortunately, the SEER data were not linked to Medicare records. In consequence, adjustment for baseline comorbidities, which might represent critical confounders, was not possible. Based on these critical differences, that distinguish the current study, our findings cannot be validly compared with previous data. Nonetheless, the current PC utilization rate of 13% is consistent with previously reported rates of 13% in the SEER registry [3] and of 17% in the NIS [12] .
Several hypotheses may be proposed to explain the observed advantage of PC over RC, relative to short-term mortality and lack of difference relative to long term mortality. First, the inherent difference in the extent and type of surgery accounts for the observed difference. PC is limited to the urinary bladder and lymph nodes. Conversely, RC requires the use of bowel segment for urinary diversion. Bowel surgery predisposes to additional and potentially more serious complications
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Finally, despite our attempt to adjust for a comprehensive panel of measured baseline differences that distinguish PC and RC candidates, unmeasured differences might persist, since variables that are recorded within the SEER-Medicare only can be used to account for potential selection biases. For example, information about tumor size, tumor location, and the presence of concomitant CIS was not available, given the administrative nature of our dataset. Under this light, it is important to emphasize that not all patients are PC candidates. For example, patients with cT2N0 UCUB may harbour multifocal tumors, CIS, or tumors in proximity of bladder neck, which represent cases where PC is clearly not applicable. The exclusion of patients with the above-mentioned characteristics, invariably introduces a favourable selection bias among PC patients. This bias towards more favourable cancers among PC patients probably persists despite the best statistical effort such as propensity-score matching and despite the use of sensitivity analyses (restriction to patients with pT2N0 UCUB). Therefore, our study is still affected by selection biases, just like all other studies that compared PC or other bladder sparing technique with RC, in a non-randomized setting [19, 20] .
Moreover, the lack of information about the anatomical extent of lymph node dissection as well as the lack of a central pathology review represents another limitation of our study, since evaluation of lymph node dissection quality was not applicable.
Finally, the current cohort includes patients over 65 years of age. This age distribution may be interpreted as a limitation. However, the current age category (> 65 years) represents the main RC and PC target population, where perioperative mortality takes its maximal toll [21, 22] .
CONCLUSIONS
Partial cystectomy is associated with lower short-term mortality relative to RC. Additionally PC does not seem to compromise long-term cancer control. Taken together, these observations should encourage urologist to give larger consideration to PC when such procedure is possible based on anatomical and UCUB considerations. However, partial cystectomy should not be considered a primary treatment option in the vast majority of patients with muscle invasive UCUB.
